Gangliosides play an important role in neuronal differentiation processes. The regulation of ganglioside levels is related to the induction of neuronal cell differentiation. In this study, the ST8Sia5 gene was transfected into mESCs and then differentiated into neuronal cells. Interestingly, ST8Sia5 gene transfected mESCs expressed GQ1b by HPTLC and immunofluorescence analysis. To investigate the effects of GQ1b over-expression in neurogenesis, neuronal cells were differentiated from GQ1b expressing mESCs in the presence of retinoic acid. In GQ1b expressing mESCs, increased EBs formation was observed. After 4 days, EBs were co-localized with GQ1b and nestin, and GFAP. Moreover, GQ1b co-localized with MAP-2 expressing cells in GQ1b expressing mESCs in 7-day-old EBs. Furthermore, GQ1b expressing mESCs increased the ERK1/2 MAP kinase pathway. These results suggest that the ST8Sia5 gene increases ganglioside GQ1b and improves neuronal differentiation via the ERK1/2 MAP kinase pathway. [BMB reports 2011; 44(12): 799-804]
INTRODUCTION
Gangliosides are a family of glycosphingolipids and are ubiquitous components of eukaryotic cell membranes (1-3). They contain an amphipathic ceramide moiety, which acts as a membrane anchor, and a hydrophilic oligosaccharide chain, which carries one or more sialic acid residues. Ganglioside synthesis is regulated by specific ceramides bound to the Golgi apparatus (1) where diverse forms of gangliosides, such as GM3, GD3 and GT3 with the a-, b-, and c-series, are assembled. They have regulatory roles in biological processes such as differentiation, cell to cell interaction, proliferation, migration, adhesion, and apoptosis (4, 5). The expression patterns of gangliosides change during neuronal differentiation and development (2, 3, 6) . Several studies have reported that the expression of gangliosides is regulated during nervous system development and is closely associated with neurogenesis, neural repair, and synaptic function (7-11). Moreover, the expression level of gangliosides increases during retinoic acid (RA)-induced neuronal differentiation in embryonic carcinoma cells (12). Tsuji et al. reported that ganglioside GQ1b promotes neurite outgrowth during early neuronal differentiation (13). Furthermore, the co-localization of ganglioside-GQ1b with neuronal markers was demonstrated in an in vitro model of neuronal differentiation of mESCs and neuronal differentiation was found to be facilitated by the increased levels of gangliosides due to the presence of daunorubicin (1). However, the mechanism whereby ganglioside GQ1b controls the neuronal differentiation process in mESCs is still not clear. During early neural development in vivo, related signaling pathways and signal molecules may play important roles in the differentiation of mESCs. A previous study showed that mitogen-activated protein (MAP) kinase signaling plays an important role in the differentiation of stem cells. For example, the extracellular signal-regulated kinase 1/2 (ERK1/2) MAP kinase pathway is related to neuronal differentiation of ESCs or leukemia inhibitory factor (LIF) signaling independently of ERK1/2 MAP kinase (14). In addition, this pathway has various functions in the development of the nervous system (15). However, the mechanism by which these pathways regulate downstream transcription factors during development is not yet clear. Other studies have reported that gangliosides reguhttp://bmbreports.org late various signal molecules, including receptor tyrosine kinases, of various growth factor receptors, and the ERK1/2 MAP kinase pathway and function as transducers of extracellular signaling during differentiation (16) (17) (18) (19) . We recently evaluated the roles of glycosphingolipids during the suppression of the Ugcg gene expression in mESCs and human mechenchymal stem cells (hMSCs) and found that they influence neuronal differentiation of mESCs and hMSCs (20, 21) . In this study, we investigated the roles of ganglioside GQ1b via over-expression of the ST8 alpha-N-acetyl-neuraminidase alpha-2,8-sialyltransferase 5 (ST8Sia5) gene in mESCs and neuronal cell differentiation.
RESULTS

Analysis of GQ1b expression in in ST8Sia5 gene transfected mESCs
The mESCs exhibited characteristics including expression of AP, SSEA-1, Oct4, and Sox-2 ( Supplementary Fig. 1) .
To induce an increase in GQ1b expression, mESCs were transfected with the ST8Sia5 gene using pEGFP-C2 vectors ( Supplementary Fig. 2 ). The transfection efficiency was examined 48 hrs after transfection by GFP fluorescence. Additionally, transfected cells were confirmed by selection using G418 (neomycin resistance) for 2 weeks (Fig. 1A) . Quantification of the ST8Sia5 gene mRNA level by PCR showed that the ST8Sia5 gene expression level increased in the ST8Sia5 gene transfected mESCs when compared to the mESCs (Fig. 1B) . Ganglioside expression patterns were analyzed by HPTLC (Fig. 1C) . Control mESCs, mock vector transfected mESCs, and ST8Sia5 gene transfected mESCs expressed GM3 and GD1a, but GM2 and GQ1b only expressed in mESCs and ST8Sia5 gene transfected mESCs, respectively. Therefore, these results indicated that ST8Sia5 gene transfected mESCs induced expression of GQ1b.
Beating EBs derived from GQ1b expressing mESCs
To determine the differentiation capability of GQ1b expressing mESCs, control mESCs and mock vector transfected mESCs and GQ1b expressing mESCs were cultured in suspension culture conditions in bacterial-grade dishes. After 4 days of culture, the mESCs aggregated and formed smooth circular clumps, which indicated that the cells were in the EB (4-) stage ( Fig. 2A) . EBs derived from GQ1b expressing mESCs maintained GFP fluorescence due to the presence of the GFP expression vector that
